INTRODUCTION {#sec1-1}
============

Cervical cytology by Papanicolaou (Pap) smears is perhaps the most successful cancer-screening test developed to-date. It not only helps in achieving a rapid and early diagnosis of cervical cancer, but also leads to a significant reduction in morbidity and mortality. Pap smears have a high sensitivity for the detection of squamous cell carcinoma (SCC) and its precursor lesions.\[[@ref1]\] This has led to a substantial decrease in the overall incidence of cervical SCC. However, glandular lesions on Pap smears pose a greater diagnostic challenge to cytopathologists, with low reported sensitivity rates.\[[@ref2]\] The major hurdles to accurate cytodiagnosis are lesser representation of the glandular lesions on Pap smears and the well-known look-alikes of glandular lesions, which often lead to false positive diagnosis.\[[@ref3][@ref4]\]

Although glandular cells are often seen on Pap smears, glandular cell abnormalities (GCA) are reported in only a very small fraction (\<1%) of all the routine Pap smears. This low rate notwithstanding, clinically significant lesions have been reported in 18--83% of patients with GCA detected on Pap smears.\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] Thus, it is extremely important to correctly identify GCA on Pap smears, followed by immediate colposcopic assessment and fractional curettage.

Following the development of liquid-based cytology (LBC), the sensitivity of Pap smears for the detection of GCA has improved. This is mainly due to better sampling, complete transfer of cells into the liquid medium, lesser obscuration by blood and inflammatory cells, and better preservation and visualization of even few scattered abnormal cells.\[[@ref10][@ref11][@ref12]\]

Therefore, the present study was undertaken to assess the utility of Pap smears in cytodiagnosis of uterine glandular lesions.

Aims and objectives {#sec2-1}
-------------------

Primary objective: To assess the diagnostic accuracy of cervical Pap smears for uterine glandular lesionsSecondary objective: To compare the diagnostic accuracy of conventional and liquid-based cervical samples for uterine glandular lesions.

MATERIALS AND METHODS {#sec1-2}
=====================

This was a retrospective study, conducted over a period of 3 years (2012--2014) in the Department of Cytology and Gynecologic Pathology at a tertiary care institute. A two-pronged search strategy was adopted \[[Figure 1](#F1){ref-type="fig"}\]:

![Flow chart showing search methodology adopted in the study](CJ-13-3-g001){#F1}

The "histopathology search" arm: Archived histopathology records of all cases reported as endometrial adenocarcinoma (EMA) or endocervical adenocarcinoma (ECA) within the study period were identified and their corresponding Pap smears, if available within preceding 1 year of the diagnosis, were retrievedThe "cytopathology search" arm: Archived records of all Pap smears reported during the study period were searched for GCA and the Pap smears of such cases were retrieved.

Inclusion criteria {#sec2-2}
------------------

From the histopathology search arm, Pap smears (both conventional and LBC) of cases reported as EMA or ECA were includedFrom the cytopathology search arm, Pap smears (conventional and LBC), reported as GCA, including atypical glandular cells -- not otherwise specified (AGC-NOS), AGC -- favor neoplasm (AGC-FN), EMA, and ECA were included.

Exclusion criteria {#sec2-3}
------------------

Pap smears reported as negative for any intraepithelial lesion or malignancy (NILM) in the cytopathology search arm, unsatisfactory smears or those with glandular or squamous epithelial cell abnormality, but without a follow-up histopathological diagnosis were excluded.

Analysis of smears {#sec2-4}
------------------

From the cytopathology search arm, all included Pap smear reports were analyzed against their histopathology report to know the cytology-histopathology correlation. Similarly, from the histopathology search arm, all included cases of malignancy reports were analyzed against their corresponding Pap smear reports. Discordant cases from both search arms were then reviewed together by two cytopathologists, keeping in mind the histological diagnosis, to see if a revised cytological diagnosis could be offered. GCA negative cases, which were positive for malignancy, were reviewed as per The Bethesda System (TBS) 2001 guidelines.

Outcome measures {#sec2-5}
----------------

The following outcome measures were studied:

Prevalence of GCA: Calculated as a percentage of total number of Pap smears reported as having GCA, divided by the total number of Pap smears reported in the study period"True positive" smear: A Pap smear was labeled as true positive if it was reported as GCA and the follow-up histopathology report was positive for malignancy"False positive" smear: A Pap smear was labeled as "false positive" if it was reported as GCA, but the follow-up histopathology report was negative for malignancy. The overall percentage of false positives and the histological diagnosis in such cases were documented. The rate of false positives was compared between conventional and LBC smears; only those cases which remained as false positive after review were included for the comparative analysis"False negative" smears: A Pap smear was labeled as "false negative" if the histopathology report showed malignancy, but the Pap smear was reported as NILM. The overall percentage of false negatives and the histological diagnosis in such cases were documented. The rate of false negative GCA was compared between conventional and LBC smears; only those cases, which remained as false negative after review, were included for the comparative analysis.

RESULTS {#sec1-3}
=======

The "histopathology search" arm {#sec2-6}
-------------------------------

Out of a total of 21,632 histopathological specimens processed during the study period, a total of 212 EMA and ECA were identified from the histopathology records. Of these, there were 163 endometrioid types of EMA, 16 endometrial papillary serous carcinoma, 5 endometrial clear cell carcinomas, and 28 endocervical (ECA) adenocarcinoma.

Pap smears predating the histopathological diagnosis were available for 122 cases; of these, 78 were conventional and 44 were LBC samples. On initial reporting, 28/122 (22.9%) smears were reported as having an epithelial cell abnormality. Out of these, 13 were reported as adenocarcinoma, 2 as AGC-FN, 7 as AGC-NOS, 3 as high-grade squamous intraepithelial lesion, and 3 as atypical squamous cells of undetermined significance (ASCUS) \[[Table 1](#T1){ref-type="table"}\].

###### 

Cytological diagnoses of 122 cases of histopathologically proven uterine adenocarcinomas

![](CJ-13-3-g002)

A total of 94/122 (77.0%) samples were initially reported as "NILM" \[[Figure 2](#F2){ref-type="fig"}\]. These 94 cases were reviewed in view of follow-up histopathological diagnosis \[[Table 2](#T2){ref-type="table"}\]. After review, 23 of these cases were re-classified as GCA, with 16 cases as adenocarcinoma, 6 as AGC-FN, and 1 as AGC-NOS. Thus, after review, 51/122 Pap smears (41.8%) were reported as having epithelial cell abnormality. Out of these 51 true positive smears, 23/78 (29.5%) were conventional smears and 28/44 (63.6%) were LBC samples, thereby indicating the detection rate of GCA to be 2.2 times higher with LBC samples as compared to conventional smears; this difference was found to be statistically significant (*P* \< 0.05). In the subgroup of ECA, the detection rate for LBC and conventional smears was similar (71.4%). However, in the subgroup of EMA, the detection rate for LBC was significantly higher than conventional smears (LBC = 62.1%; conventional = 25.3%; *P* = 0.0003) \[[Table 3](#T3){ref-type="table"}\].

![A panel of microphotographs of SurePath™ liquid-based cytology Pap samples: (a) Benign endometrial cell cluster with top-hat appearance, reported as negative for any intraepithelial lesion or malignancy (Pap, ×100); (b) endometrial cell cluster showing mild nuclear enlargement with occasional cells having conspicuous nucleoli, reported as atypical glandular cell (Pap, ×100); (c) inverted rosette of benign endocervical cells, reported as negative for any intraepithelial lesion or malignancy (Pap, ×40); (d) a flat sheet of endocervical cells showing reactive atypia with prominent nucleoli, reported as atypical glandular cell (Pap, ×40)](CJ-13-3-g003){#F2}

###### 

Cytological diagnosis after review of false negative Pap smears

![](CJ-13-3-g004)

###### 

Detection rates of endometrial adenocarcinoma and ECA for conventional and LBC smears

![](CJ-13-3-g005)

The total number of negative smears, even after review, was 71 and therefore the overall sensitivity of Pap smears for detection of GCA was found to be 41.8%.

Cytopathology search arm {#sec2-7}
------------------------

A total of 46,394 Pap smear records were identified during the study period, 33,154 were conventional smears (71.5%), and 13,240 (28.5%) were SurePath™ LBC samples. Out of these, 149 (0.3%) smears were reported as GCA, as per TBS 2001.

Out of 149 GCA smears, 96 (64.4%) were reported as AGC-NOS, 14 (9.4%) as AGC-FN, and 39 (26.2%) as adenocarcinoma. Follow-up histopathology samples were available in 103 patients (141 biopsies/resection specimens). Out of these 103 cases, 35 were conventional smears and 68 were LBC samples.

A total of 57/103 (55.3%) patients were positive for malignancy on histopathology \[true positives, [Table 4](#T4){ref-type="table"}\]. There were 10 cases of ECA \[[Figure 3](#F3){ref-type="fig"}\] and 27 cases of EMA \[[Figure 4](#F4){ref-type="fig"}\], 6 cases of endometrial papillary serous carcinoma, 3 cases of ovarian papillary serous carcinoma, 2 cases of complex atypical hyperplasia, and 1 case of metastatic carcinoma. Four smears (3 reported as adenocarcinoma and 1 as AGC-FN) were reported as SCC (*n* = 3) and cervical intraepithelial neoplasia-3 (*n* = 1) on follow-up histopathology. Four smears (2 reported on cytology as AGC-FN and 2 as adenocarcinoma) turned out to be carcinosarcoma on histopathology. Even after review, in view of follow-up histopathology, the sarcomatous component could not be identified in these cases.

###### 

Histopathological correlation of true positive Pap smears

![](CJ-13-3-g006)

![A panel of microphotographs of SurePath™ liquid-based cytology Pap samples reported as endocervical adenocarcinoma: (a) A pseudo-stratified strip of endocervical cells showing cigar-shaped nuclei (Pap, ×40); (b and c) clusters of endocervical cells showing feathering, nuclear crowding, and snake and egg appearance (Pap, ×40); (d) dispersed population of atypical endocervical cells showing nuclear pleomorphism (Pap, ×40)](CJ-13-3-g007){#F3}

![A panel of microphotographs of Pap samples reported as endometrial adenocarcinoma: (a and b) Three-dimensional clusters of atypical endometrial cells showing nucleomegaly, irregular nuclear membranes, and prominent nucleoli (Pap, ×100); (c) bag of polymorphs (Pap, ×100); (d) conventional smears showing loosely cohesive cluster of atypical glandular cells with dispersed population of similar cells (Pap, ×40)](CJ-13-3-g008){#F4}

A total of 46/103 (44.7%) patients, reported originally on cytology as having glandular cell abnormality, were negative for malignancy on follow-up histopathology \[false positives, [Table 5](#T5){ref-type="table"}\]. For these 46 cases, there were 42 biopsies/curettage and 4 hysterectomy specimens. Of these, 11 were reported as adenocarcinoma, 9 as AGC-FN, and 26 as AGC-NOS, on cytology \[[Figure 2](#F2){ref-type="fig"}\]. All these cases with a false positive diagnosis on cytology were reviewed. After review, a revised cytological diagnosis of NILM was given in 28 cases (1 case of adenocarcinoma, 6 of AGC-FN, and 21 of AGC-NOS). Thus, the total false positive cases after review were 18 (17.5%). Of the remaining 18 cases, the initial diagnosis of adenocarcinoma (10 cases) was changed to AGC-FN in 8 cases and AGC-NOS in 2 cases; the initial diagnosis of AGC-FN (3 cases) was changed to AGC-NOS in 2 cases and was unchanged in 1 case; all cases of AGC-NOS remained unchanged. Although the number of false positive cases was more with LBC samples (*n* = 13), as compared to conventional smears (*n* = 5), this difference was not statistically significant (*P* = 0.5).

###### 

Histopathological diagnosis in false positive Pap smears

![](CJ-13-3-g009)

The overall specificity of Pap smears for GCA after final review was 60.9%. The specificity was more for LBC samples (63.9%) as compared to conventional smears (50%); however, this difference was not statistically significant (*P* = 0.4).

DISCUSSION {#sec1-4}
==========

Although Pap smear is a very efficient screening tool for the cervical cancer, the detection rates for glandular lesions are lower, more so for endometrial lesions as compared to endocervical lesions.\[[@ref13][@ref14]\]

Lower detection rates of glandular abnormalities in cervical smears may be due to the fact that cervical sampling was designed to evaluate the transformation zone and squamous precancerous lesions. The collection devices used may not be well suited to sample endocervical, lower uterine, and endometrial lesions. Often, only a few cells or occasional clusters of atypical cells are seen on Pap smears in endometrial and other extra-cervical lesions without accompanying tumor diathesis, mainly due to low numbers of exfoliated atypical cells and associated degenerative changes. Moreover, in contrast to squamous lesions, the cellular changes associated with adenocarcinoma of endocervical or endometrial type and their precursor lesions are much more diverse. This contributes to the poor inter-observer reproducibility of their diagnoses.\[[@ref15][@ref16][@ref17][@ref18][@ref19]\] To add to the diagnostic difficulty, reactive cellular changes due to innumerable causes can mimic glandular abnormality in cervical smears.\[[@ref3][@ref4][@ref20]\] Although rare, glandular lesions can sometimes co-exist with squamous lesions and may be masked by, the more prominent, squamous abnormality.

GCAs recognizable on Pap smears can be of endocervical, endometrial, or extra-uterine origin. These include a variety of lesions including AGC-NOS, AGC-FN, endocervical adenocarcinoma *in situ*, and endocervical, endometrial, and extra-uterine adenocarcinoma. The diagnostic category of AGC was introduced in the 1988 Bethesda system.\[[@ref21]\] Even after more than two decades of its inception, it still remains a diagnostic challenge for the cytopathologists.

Columnar cells of both endocervical and endometrial origin can exhibit significant cytological changes even in the absence of malignancy. Other benign mimics include - follicular cervicitis, microglandular hyperplasia, endometriosis, benign endometrial and endocervical polyps, tubal metaplasia, vaginal tubal prolapse, endometrial hyperplasia, and intrauterine device-related reactive changes.\[[@ref3][@ref4][@ref7][@ref8][@ref20]\] This emphasizes the need for the cytopathologists to be cognizant of possible glandular lesions in Pap smears and their diagnostic pitfalls. Among the glandular lesions, sensitivity as well as positive predictive value of cervical cytology, after comparison with follow-up histology is better for endocervical lesions as compared to endometrial lesions and extrauterine malignancies.\[[@ref22][@ref23]\] This could be attributable to less frequent exfoliation of malignant cells from the endometrium, sampling being done from the cervix and not the endometrium, exfoliated cells being degenerated, and obscured by inflammation and blood in conventional Pap smears.\[[@ref24][@ref25]\]

In our study, the overall incidence of GCA was found to be 0.32%. This is similar to other studies in the literature, which report GCA to be an infrequent diagnosis with the incidence generally being \<1%.\[[@ref6][@ref20][@ref26]\]

Geldenhuys and Murray evaluated the sensitivity and specificity of the Pap smears for glandular lesions of the cervix and endometrium and found that 80% of Pap smears with ECA and 22% with EMA had positive findings within an year of the histologic diagnosis, with 51% overall positivity.\[[@ref27]\] In our study, we observed an overall positivity (after review) of 41.8%.

In our study, 4 cases having squamous cell abnormality were misclassified as having GCA on cytology and there were 6 cases that were reported as squamous epithelial cell lesions (3 HSIL, 3 ASCUS) on cytology, but turned out to be ECA on histopathology. This was mainly due to difficulty in differentiating between atypical squamous and glandular cells on cytology. Some authors, in previous studies, have observed similar difficulty in Pap smears.\[[@ref5][@ref7][@ref28][@ref29][@ref30]\]

We had 18 (17.5%) false positive cases, even after review of the smears using stringent diagnostic criteria, as per TBS 2001. This highlights the limitation of the cervical cytology for the precise diagnosis of GCA. Similar results have been observed by previous studies in the literature.\[[@ref30][@ref31]\] The high rates of false positivity for GCA may be attributable to over-interpretation of the reactive atypia of the glandular cells, both endometrial and endocervical. The rate of false positivity decreased on review. These findings highlight the importance of careful analysis of all smears and the need for review by a second cytopathologist for smears reported as positive for GCA. Furthermore, we would recommend that all smears reported as positive for GCA should be followed-up with biopsy/curettage for confirmation of the diagnosis.

Majority of the cases reported as AGC-NOS (endocervical) had glandular endocervical cell clusters showing mild to moderate nuclear enlargement, finely dispersed chromatin, conspicuous nucleoli, and smooth thickened cytoplasmic membranes. These were showing reactive/repair changes, which are at times difficult to differentiate from high-grade lesions including invasive tumor. These cases were reviewed in the light of follow-up histopathology. These included cases reported on histopathology as endocervical polyps, microglandular hyperplasia, and papillary endocervicitis. The cases reported as AGC and NOS for endometrial clusters showed endometrial clusters with mild to moderate nuclear enlargement, prominent cytoplasmic vacuolation, smudgy degenerate chromatin, and occasional prominent nucleoli. These cases were reported as simple hyperplasia without atypia or endometrial polyps or proliferative/secretory endometrium on follow-up histopathology \[[Figure 5](#F5){ref-type="fig"}\].

![A panel of microphotographs of SurePath™ liquid-based cytology Pap samples: (a) A sheet of reactive endocervical cells showing nuclear enlargement and prominent nucleoli, reported initially as atypical glandular cell-not otherwise specified; later revised to negative for any intraepithelial lesion or malignancy (Pap, ×40); (HPE: Chronic cervicitis); (b) a cluster of reactive endometrial cells showing nuclear enlargement, smudgy chromatin, and small nucleoli, reported initially as atypical glandular cell-not otherwise specified; later revised to negative for any intraepithelial lesion or malignancy (Pap, ×40), (HPE: Simple hyperplasia without atypia); (c) cluster of endocervical cells showing moderate nuclear enlargement and crowding, reported as atypical glandular cell-favor neoplasm and not changed on review (Pap, ×40), (HPE: Microglandular hyperplasia); (d) cluster of endometrial cells showing nuclear enlargement and prominent nucleoli, reported as atypical glandular cell-favor neoplasm and not changed on review (Pap, ×40), (HPE: Hyperplastic polyp)](CJ-13-3-g010){#F5}

The number of false positive cases in our study was more with LBC samples (*n* = 13), as compared to conventional smears (*n* = 5). However, this difference was not statistically significant (*P* = 0.5). We hypothesize that this is because even if a few clusters of glandular cells depicting reactive changes are present in the sample, they are well visualized on LBC samples and are therefore often over-cautiously reported as GCA. On the contrary, even if a few scattered reactive clusters are present in the conventional smears, they are mostly overshadowed by multiple layers of more numerous squamous epithelial cells or may be obscured by the blood, mucous, and inflammatory cells.

There were 71 (58.2%) false negative cases, after review, in our study. Most of these smears did not demonstrate even occasional tumor cells, after extensive review. This might be due to the, already known, infrequent exfoliation of AGC into the cervical canal. Furthermore, we believe that low clinical suspicion and lesser number of tumor cells present in some Pap smears may be the major factors contributing to the false negative diagnoses. This emphasizes the need for slow and systematic screening of Pap smears, observing stringent criteria, with significant overlap of screened areas, so as to minimize detection errors.

An important observation of our study is that the detection rates of glandular lesions improved significantly (2.2 times higher detection in LBC samples; *P* = 0.0002) with the use of LBC technique. This is in keeping with previous studies.\[[@ref24][@ref25][@ref32][@ref33]\] Moreover, it was seen that the detection rate of EMA on LBC samples (62.1%) was significantly higher (2.45 times; *P* = 0.0003) than conventional smears (25.3%). This is mainly because of cell concentration and better preservation of cellular morphology in LBC samples, in contrast to the conventional smears.

CONCLUSIONS {#sec1-5}
===========

The results of our study confirm that the prevalence of GCA in Pap smears is low. Pap smears, both conventional and LBC, have moderate specificity for diagnosis of uterine glandular abnormalities. However, the overall sensitivity of Pap smears for the detection of GCA is low, although we found it to be significantly better for LBC as compared to conventional smears. Therefore, we recommend that a high index of suspicion be maintained when screening Pap smears in patients with a history suspicious of uterine glandular lesion. Future research needs to focus on improved methods of screening for uterine glandular abnormalities, in view of the low sensitivity of Pap smears.
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